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performance of highway bridges, it is essential to be able to predict their structural responses to in-service 
loads. A precise numerical model that incorporates dynamic effects is required, because passing vehicles 
generally produce significantly greater responses than static vehicular loads. One of the main difficulties 
is that the real boundary conditions of the bridge cannot be obtained by simple experiment, especially for 
the bridge using elastomeric bearings. In this research, the target bridges are composite steel I-girder 
bridges which are supported by rubber bearings. This type of bearing has been widely used after Kobe 
earthquake in order to reduce the transmission force from substructure to superstructure. The influence of 
this bearing type to the bridge response caused by traffic vibration has been studied among researchers in 
many areas. Kawatani et.al (2000) has examined influence of elastomeric bearing to the acceleration 
response and dynamic reaction force of the bridge. He also made a comparison between responses from 
steel bearing which act as the pin support and elastomeric bearing. It was concluded that acceleration 
response upon the bearing from the bridge with rubber bearing caused larger vibration than that with steel 
bearing. In other word, the impact vibration on the vehicle at the expansion joint (above the bearing) 
became larger due to the rubber bearing. For dynamic reaction force, both steel bearing and elastomeric 
bearing absorbed the similar dynamic reaction force in the transverse and vertical direction whereas in the 
longitudinal direction (bridge axis) dynamic reaction force became small in the case of rubber bearing. 
In this study, the vehicle-bridge decoupled equations of motion are implemented with the commercial 
FE method software ABAQUS and the general numerical software MATLAB. This analytical procedure 
is applied to a full-scale steel I-girder bridge that has been monitored. After the proposed model is 
verified through the comparison between the calculated results and the in situ measured data, it is 
extended to study the influence of elastomeric bearing on the dynamic responses. Finally, the suggestions 
to bridge maintenance learned from the simulation are discussed. 
2. Traffic-induced vibration in highway bridge 
2.1. Bridge descriptions and field measurement 
In this study three simply supported spans were chosen to measure the dynamic response 
characteristics excited by both a 25-ton passing truck and free traffic flow. The tested bridge was built in 
1962, which are part of the Tokyo Metropolitan expressway in Japan (Figure 1). It carries four-lane traffic, 
which has two lanes on each bound. In each span, it is a simply supported, single-span, composite bridge. 
The 210 mm reinforced concrete slab is supported by five main steel I-girders at a spacing of 3.5 m. The 
bridge is 31.9 m long and 16.5 m wide. All main girders are seated on elastomeric bearings.  
The configuration of loading path and strain gauge locations are illustrated in Figure 2. During day 
time (free traffic flow), the acceleration recorded with a sampling frequency of 250 Hz were computed by 
applying the Eigensystem Realization Algorithm (Juang and Pappa 1985) to obtain the bridge natural 
frequencies which are about 3.1-3.2 Hz and 3.5-3.7 Hz for the first bending and the first torsion mode, 
respectively. During night time, a 25-ton truck running on each lane, i.e. lane No. 1 to lane No. 4 with a 
speed of 50 km/h, 60km/hr and 70km/hr is KL-FW1KXHA of Hino’s company. 19 strain gauges 
recoding at every 0.01 second were installed mainly on the top surface of the bottom flanges, except 
gauge No.2, No7 and No. 18, No.19. They were placed on the web plates of the exterior girders and top 
surface of the top flange of the transverse steel girder about 400 mm from the center of the main interior 
girder, respectively.  
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3. Numerical simulation 
The bridge finite element model was verified by the field measurement. The model validation consists 
of two steps: the first step was to check the bridge modal properties with comparison of bridge 
frequencies analyzed from acceleration during free-traffic flow and vehicle model properties as described 
previously; the second step was to adjust the bridge properties for predicting local dynamic response such 
as the stress near the bearing by comparison with the dynamic response obtained during a moving vehicle 
test on the bridge. Finally, the comparisons of the dynamic stress component between the measurement 
and the simulation results are described. 
3.1. Model adjustment and verification 
To check the bridge properties and the vehicle properties, the frequency analysis of the bridge model 
and vehicle model are processed. The natural frequencies of the bridge model based on design drawing 
are 2.8 and 3.3 Hz for the first bending and the first torsion mode, respectively which are about 5-10% 
lower from the measured ones.  
3.2. Static and dynamic response 
The bridge-vehicle interaction was performed for each load case and speed. The stress responses will 
be compared in two frequency ranges which are the low frequency stress response at a cutoff frequency of 
0.85 Hz defined as static stress component and band pass frequency of 1-5 Hz classified as dynamic stress 
component as shown in Figure 6. 
Time (s) 
Total response 
Time (s) 
Static component 
 
Time (s) 
Dynamic component 
Figure 6: Simulated and measured stress results (gauge No.6). 
From the comparison, they are comparable for almost all the positions under the moving path. 
However, clear discrepancy still could be seen in Figure 6. The unknown elastomeric bearing stiffness 
and the inaccurate road roughness input could be the causes, which will be analyzed in the following 
sections. 
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Figure 10: Normalized of summation of the (Truck in lane 1 with 60 km/h). 
predicable compared with the measurement. Finally, the model is proved that it can accurately predict 
both local and global dynamic stress responses in the structure. 
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